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Summary 

The bovine coronavirus strain L¥- I38  was purified by differential as well as 
velocity and isopyenic centrifugation in sucrose or CsC1 gradients. The substrate 
for purification was contents of the small intestine of experimentally inoculated 
calves. This strain is highly enteropathogenic, but it could not yet be propagated 
in cultured cells. Intact  virions had a density of 1.245 g/cm 3 in CsC1 and 1.185 g/cm 3 
in sucrose. A spherical core-like structure with an average diameter of 82 nm 
remaining after treatment with chloroform had a density of 1.299 g/cm a in CsC1 
and 1.201 g/cm 3 in sucrose. 

Seven distinct bands of potypeptides and 4 shoulders were detected after 
electrophoresis of SDS-solubilized virions in polyaerylamide gels. The approximate 
molecular weights ranged from 110,000 to 36,000. Four of the bands gave a PAS 
positive reaction. These 4 glycoproteins and an additional protein with an ap- 
proximate molecular weight of 70,000 were removed by chloroform treatment. 
The remaining core-like structure contained the 2 polypeptides VP3 and VP7. 

Introduction 

Among the coronaviruses there are strains that cause intestinal infections 
leading to enteritis and diarrhea in swine (10, 32), rodents (28), dogs (2), calves 
(26) and possibly man (6). Factors determining the unique enteropathogenic 
properties of these coronaviral strains have not been defined (33). Some of the 
enteropathogenie eoronavirus strains have been propagated in cultured cells 
(2, 25, 28, 30) but many others could not be adapted to cell cultures (6, 9, 28). 
An example of such a strain is the highly enteropathogenic strain LY-138 infecting 

1 Dr. I. I-IAJER is now in the Department of Virology, Veterinary Research 
Administration, E1 Axnarat, Khartoum, Sudan. 

4 Arch. Vh'ol. 5911--2 

0304-8608/79/0059/0047/$ 02.20 



48 I. HAJEI~ and J. S~ol~z: 

calves. Severa l  a t t e m p t s  to a d a p t  th is  s t ra in  to  di f ferent  t ypes  of cu l tu red  bovine  
fe ta l  cells were unsuccessful  (8, 9, 14). This v i ra l  agen t  was ma in t a ined  b y  oral  
inocula t ion  and  in tes t ina l  infect ion of newborn  calves (8). E lec t ron  microscopic 
eva lua t ion  of nega t ive ly  s ta ined  p repa ra t ions  of pur i f ied  vi rus  par t ic les  revea led  
eoronavi ra l  morpho logy  (9), a n d  these vi ra l  p repa ra t ions  conta ined  3 ant igens  
reac t ing  wi th  bovine  eoronavirus  an t i se rum (14). U l t r a s t r ue tu r a l  cytologic  
in tes t ina l  changes caused b y  this  v i rus  were inves t iga ted  (8). Vira l  s t ra in  LY-138 
was employed  in s tudies  on in t raee l lu la r  and  b o d y  f luid a l t e ra t ions  and  on changes 
in in t raee l lu lar  and  ext race l lu lar  ion eoneent ra t ions  t h a t  occurred in the  course 
of d ia r rhea  following oral  inocula t ion  of calves (19, 27). 

F u r t h e r  charac te r iza t ion  of this  h ighly  v i ru len t  en te ropa thogen  was essential .  
This r epor t  conta ins  resul ts  of s tudies  on the  s t ruc ture ,  phys ica l  proper t ies ,  and  
po lypep t ide  composi t ion  of the  bovine  eoronavirus  s t ra in  LY-138 pur i f ied f rom 
in tes t ina l  infect ions of expe r imen ta l ly  inocula ted  calves. 

Materials and Methods 

Virus Puri/ication and Buoyant Density Determination 
Contents of the small intestine of experimentally infected calves 3 days after oral 

inoculation served as substrates for virus purification. As a~ initial step, the virus was 
partially purified by sucrose velocity eentrifugation as described earlier (9). The partial- 
ly purified virus suspension or such suspensions treated to split the virions were 
layered onto I. I-- I. 5 g/era 3 preformed linear CsCl gradients or 20--50 per cent perform- 
ed linear sucrose gradients in TEN buffer (0.01 ~ tris-hydroehloride, 0.001 ~ EDTA, 
0. i M NaCI). After banding by isopyenic eentrifugation at 81,000 × g for 24 hours in the 
SW40 rotor driven in a Beckman Model L2--65B ultracentrifuge, one ml fractions 
were collected. The refractive indices of band fractions were determined in a Fisher 
refraetometer, and the buoyant densities were calculated from a calibration of density 
versus refractive index chart. Each fraction was dialysed overnight in I per cent 
ammonium acetate at 4 ° C and concentrated to the original volume by extracting 
water with 40 per cent polyethylene glycol (w/v) in I per cent, ammonium acetate. 
Purity of the fractions was monitored by electron microscopic examination following 
negative staining with 1.5 per cent phosphotungstie (PTA) acid. 

Isolation o/ Viral Cores 
Purified virus suspensions were t reated with 1 in 10 parts  chloroform, or diethylether,  

0.5 per cent Tween-80 or 0.5 per cent Nonidet P-40 (NP-40). The mixtures were shaken 
at room temperature for 30 minutes. After low speed centrifugation at 3000 x g for 
15 minutes, 1.5 ml of the aqueous phases were layered onto a linear 20--40 per cent 
sucrose gradient in TEN buffer and centrifuged at 81,000 × g for 2 hours. The bands 
were localized by light scatter under a vertical beam of light and collected from the 
bottom of the tube. The band contents were dialysed overnight against I per cent 
ammonium acetate at 4 ° C. The dialysate was concentrated to I/5 of the original 
volume as described above. Samples of each band were negatively stained with 
1.5 per cent PTA for EM examination. 

Electron Microscopic Evaluation o/Gradient .Fractions 
The degree of pur i ty  and viral  morphologie features of different, densi ty gradient  

fractions were monitored by  EM examination. Dialyzed aliquots of different fractions 
were each placed on 300 mesh, formvar coated, carbon-stabilized grids which had 
been degreased by dipping into carbon tetrachloride.  Excess fluid was withdrawn by 
blott ing with a filter paper. The grids were air-dried and a drop of 1.5 per cent PTA 
at  p i t  6.5 was added to the grids. Excess stain was withdrawn with filter paper. The 
grids were dried overnight in a vacuum oven operated at  room temperature  and a 
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pressure  d i f fe rent ia l  of 1075 g /em 3 (15 p o u n d s / s q u a r e  inch).  T h e  spec imens  were 
e x a m i n e d  w i th  a n  H i t a c h i  H U - 1 2  e lec t ron  microscope ope ra t ed  a t  75,000 vo l t s  a n d  
a screen magn i f i ca t ion  of 40,000. Fo r  size m e a s u r e m e n t  of v i r a l  par t ic les  magni f ies -  
t ions  were  ca l ib ra t ed  aga in s t  c a r b o n - g r a t i n g  repl ica  h a v i n g  2160 l ines pe r  mi l l imete r .  

Hemagglutination Test (HA) 
Serial  two-fo ld  d i lu t ions  were m a d e  in P B S  a t  a p i t  of 7.2 f rom each  f r ac t ion  

o b t a i n e d  f rom CsC1 isopycnie  e en t r i f uga t i on  in  m i c r o t i t e r  p la tes  us ing  mie rod i lu te r s .  
E a c h  well  t h e n  rece ived  a n  equa l  v o l u m e  of 0.025 m l  of 0.5 p e r  c en t  w a s h e d  mouse  
e ry th roey te s .  The  resu l t s  were r ead  a f t e r  i n e u h a t i o n  a t  r oom t e m p e r a t u r e  for one h o u r  
a n d  aga in  a f te r  o v e r n i g h t  i n c u b a t i o n  a t  4 ° C. The  H A  t i t e r  was expressed  as t h e  recip- 
rocal  of t h e  h ighes t  d i lu t ion  caus ing  comple te  h e m a g g l u t i n a t i o n .  

Polypeptide Analysis by Polyacrylamide Gel Etectrophoresis 
P o l y a e r y l a m i d e  gels were p r epa red  b y  a m e t h o d  s imilar  to  t h a t  of CALmw~I  a n d  

coworkers  (5) f rom solu t ions  con ta in ing  7.5 or 10 pe r  cen t  ac ry lamide ,  0.27 pe r  cen t  
N, N ' - m e t h y l e n e  b i sae ry lamide ,  0.1 pe r  cen t  SDS a n d  0.5 ~ urea .  P o l y m e r i z a t i o n  was 
ca r r ied  ou t  b y  t h e  a d d i t i o n  of f reshly  p r e p a r e d  0.1 per  cent. N, N,  N ' ,  N - t e t r a m e t h y l e n e  
d i amine  ( T E M E D )  a n d  0.15 pe r  cen t  a m m o n i u m  per su l fa t e  in  6 m m  d iamete r ,  t 2 em 
long  glass tubes .  The  gels were 10 em long. The  gels were e lec t rophoresed  for 2 hou r s  
a t  3 mA/ge l  before  samples  were appl ied.  

Pur i f i ed  v i rus  a n d  cores were c o n c e n t r a t e d  to a p p r o x i m a t e l y  2 m g  p r o t e i n / m l  as 
d e t e r m i n e d  b y  t h e  m e t h o d  of Low~Y a n d  eoworkers  (21). A n  a m o u n t  of 0.3 m l  of each  
of these  c o n c e n t r a t e d  p r e p a r a t i o n s  was solubi l ized accord ing  to t h e  m e t h o d  of MAIZEI~ 
a n d  coworkers  (24) b y  a d d i n g  drops  of sod ium dodecyl - su l fa te  (SDS) to a f inal  con- 
c e n t r a t i o n  of 1 per  cent ,  2 m e r e a p t o - e t h a n o l  to  a f inal  c o n c e n t r a t i o n  of I p e r  cen t  a n d  
u r e a  to  2 ~ f inal  concen t r a t i on ,  fol lowed b y  boi l ing  for  3 m i n u t e s  in  a w a t e r  b a t h .  
A d rop  of g lycer ine  a n d  a d rop  of 0.04 per  c en t  b r o m o p h e n o l  b lue  (BPB)  were  a d d e d  
a f t e r  t he  p r e p a r a t i o n  h a d  cooled a n d  t he  samples  were app l i ed  to t h e  gels. T h e  electro-  
phores is  buf fe r  was 0.1 ~ sod ium p h o s p h a t e  pI-I 7.2, con t a in ing  0.I  pec cen t  SDS a n d  
0.5 ~ urea .  E lee t rophores i s  was  car r ied  ou t  a t  room t e m p e r a t u r e  for 15 h o u r s  at. 
3 mA/gel .  

Gels were r e m o v e d  f rom the  glass t ubes  b y  a i r  p ressure  us ing  a r u b b e r  bu lb .  The  
gels were f ixed o v e r n i g h t  in  20 per  cen t  sulfosalicylic ac id  a n d  s t a i n ed  for  a t  leas t  
12 hou r s  w i th  Coomassie  b r i l l i an t  blue.  The  gels were  de s t a ined  w i t h  severa t  changes  
of 7 pe r  c en t  acet ic  ac id  in  10 pe r  c en t  m e t h a n o l .  D e s t a i n e d  gels were s c a n n e d  w i t h  
a G e l m a n  Scanner ,  a n d  t he  m i g r a t i o n  d i s t ance  of each  p o l y p ep t i d e  was measured .  T h e  
molecu la r  we igh ts  of t he  po lypep t ides  were d e t e r m i n e d  f rom a s t a n d a r d  cu rve  d r a w n  
f rom m i g r a t i o n  d i s tances  of m a r k e r  p ro te ins  of k n o w n  molecu la r  weight .  T h e  m a r k e r  
p ro te ins  were e y t o e h r o m e  C, 11,700 (Sigma Chemical  Company ,  Sa in t  Louis ,  Missouri) ,  
pepsin ,  35,000 (Sigma),  o v a l b u m e n ,  43,000 (Sigma),  l ipase,  38,000 (Sigma),  a n d  
b o v i n e  s e rum a l b u m e n  (BSA) 68,000 (Sigma).  

Glycoprotein and Lipoprotein Staining 
F o r  g lycopro te in  s ta in ing ,  a mod i f i ea t io~  of t h e  per iodic  Sehiff  (PAS) as e rnp loyed  

b y  ZACHA~I~rS a n d  eoworkers  (34) was  used. Gels were f ixed in 12.5 p e r  cen t  t r i ch loro-  
acet ic  acid (TCA) for 30 minu tes ,  r insed  in dis t i l led w a t e r  a n d  oxid ized  in 1 pe r  cen t  
per iodic  acid in 3 per  cen t  acet ic  acid for 1 hour .  Af te r  e ight  10-minu te  wash ings  in 
dis t i l led  wate r ,  t~he gels were s t a ined  for 50 m i n u t e s  in  acidif ied 0.5 pe r  cent. bas ic  
fuehs in-su t f i te  (Selfiff Reagen t ) .  The  s t a i n  was p r e p a r e d  b y  d isso lv ing  basic  fuehs in  
in  f resh 0.5 per  cen t  p o t a s s i n m  metasu l f ide  a n d  0.1 ~ HCL.  Af te r  t h r e e  10-minu te  
wash ings  w i t h  f reshly  p r e p a r e d  0.5 pe r  cen t  p o t a s s i u m  metasu l f ide ,  t h e  gels were 
d e s t a i n e d  in  dis t i l led  w a t e r  a n d  s to red  in 7 per  cen t  acet ic  acid.  L ipopro te ins  were  
s t a i ned  b y  p lac ing  t h e  gels in  0.7 pe r  cen t  S u d a n  B lack  B in  po lyp ropy lene  glycol  for  
2 hours  fol lowed b y  des t a in ing  w i t h  severa l  changes  of 85 per  cen t  po lyp ropy lene  
glycol for 3 days  (22). Af te r  des ta in ing ,  t h e  gels were  r e h y d r a t e d  in dis t i l led w a t e r  for 
3 days.  Spec imens  for de t ec t i on  of p ro te ins ,  l ipoprote in ,  a n d  g lyeopro te ins  were pre-  
p a r e d  a n d  e lec t rophoreseed  a t  t he  same  t ime.  

4* 
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R e s u l t s  

Buoyant Density o/Puri/ied Virus and Structural Components 

Velocity centrifugation in a sucrose gradient displayed two closely placed 
bands 5.8 and 6.3 em from the meniscus of the gradient. Electron microscopic 
examination of negatively stained samples from the two bands revealed tha t  the 
top band consisted of membranous fragments of viral particles and residual 
cellular components. The lower band contained enveloped viral particles with 
petal-shaped envelope projections. 

When the virus band obtained at  the 6.3 cm distance in sucrose velocity 
eentrifugation was isopycnically banded in 20--50 per cent linear sucrose gradients 
and 1.1--1.5 g/era 3 CsC1 gradients, single sharp bands were obtained. The bands 
had a density of 1.245 in CsC1 and 1.185 in sucrose. The maximum titers of hem- 
agglutinating activi ty coincided with these bands as shown in Figure 1. 
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Fig. 1, Isopyenie eentrifugation of bovine coronavirus LY-138 in CsCI. The virus band 
corresponded to a density of 1.245 g/cm3 and coincided with the maximum hem- 

agglutination activity 

Electron microscopic examination of negatively stained samples from either 
CsC1 or sucrose isopycnic bands revealed clean fields of numerous roughly spherical 
particles. Elongated and other pleomorphic forms of virions were also seen. Some 
particles seemed to have been penetrated by  the stain. Viral particles were envelop- 
ed and varied in size from 70--120 nm and possessed 15 to 20 nm petal-shaped 
surface projections. These projections were widely spaced and gave the typical 
appearance of the solar corona (Fig. 2). 

Treatment  of purified virus with chloroform for 30 minutes followed by  
isopycnic centrifugation in CsC1 or sucrose resulted in visible bands at  densities 
of 1.299 g/cm 3 and 1.201 g/cm a, respectively. These bands contained particles 
without projections and envelopes, and consequently they were considered to 
represent viral core-like material. These relatively homogeneous core-like struc- 
tures were round. Measurements were made on 100 particles and gave a mean 
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d iamete r  of 82 nm. The core-like s t ructures  t ended  to  s t ick to each o ther  on the  
grids and  formed aggregates.  Al though  subuni t s  appea red  on the  surface of the  
cores, no discernible s y m m e t r y  in a r r angemen t  could be de t ec t ed  (Fig. 3). The 
par t ic les  in this  f rac t ion were entire,  and  ma te r i a l  p ro t rud ing  from them was no t  
seen. T rea tmen t  wi th  d ie thy l  ether,  Tween-80 and  NP-40 caused d i sassembly  oi 
the  virus  so t h a t  no isopyenic  bands  were de t ec t ed  for morphologica l  and  bio- 
phys ica l  analysis .  

Fig. 2. Electron photomicrograph of sucrose gradient purified particles of bovine 
eoronavirus strain LY-138. The pa~'tieles are moderately pleomorphie and have petal- 
like projections typical  of coronavirus morphology. Stained with 1.5 per cent PTA. 

Magnification: X 155,000 

Fig. 3. Coronavirus LY-138 core-like structures. Virions were treated with i in I 0 parts 
chloroform, purified by sucrose isopyenie eentrifugation and negatively stair~ed ,~ith 

1.5 per cent PTA. Magnification: × 204,000 
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Polypeptide Composition o/ Virions and Core-Like Structures 

Purified virions and core-like structures were solubilized by SDS, 2-mercapto- 
ethanol and urea. The 9olypeptides were separated by polyacrytamide gel electro- 
phoresis. The molecular weight estimates were determined in 10 per cent acryl- 
amide gels in which plots of relative mobilities of standard proteins were linear 
with respect to the log of their molecular weights, Ten percent acrylamide gels 
gave better resolution in polypeptide separation than 7.5 per cent, gels. ]in both 
cases, however, it was found necessary to apply about 2 mg of protein to gels 
before stained polypeptide bands were detectable. 
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:Fig. 4. D e n s i t o m e t r i c  tr~e ing  at  520 n m  of prote in  c o m p o n e n t s  of coronavirus  LY-138 
and  their  molecular  w e i g h t s  as  de termined  in 10 per cent. p o l y a e r y l a m i d e  gels  
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:Fig. 5. D e n s i t o m e t r i c  trac ing  a t  520 n m  of chemica l  s ta in ing  react ions  of p o l y p e p t i d e s  
of coronavirus  LY-138 separated  b y  PAGE 
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A t  leas t  7 d is t inc t  bands  were visible af ter  e lectrophoresis  and  Coomassie 
br i l l iant  blue s ta ining of gels conta in ing solubil ized po lypep t ides  of in tac t  v i rus  
(Fig. 4). There were often 1 or 2 minor  inconspicuous bands  near  the  top  of the  
gel. The v i ra l  po lypep t ides  were des igna ted  VP1,  VP2,  VP3,  etc. in order  of 
increasing e lec t rophoret ic  mob i l i t y  of the  bands.  Al l  these 7 bands  were r epea t ed ly  
obtMned.  F o u r  shoulders  (S) were observed.  Three  t ra i led  VP2,  VP3 ,  and  VP4 ,  
and  one was in f ront  of VP6.  The a p p r o x i m a t e  molecular  weights  of the  LY-138 
s t ruc tu ra l  po lypep t ides  ca lcula ted  from t0  per  cent  ac ry l amide  gel are summar ized  
in Table 1. W h e n  the  gels were PAS s ta ined  to reveal  the  ca rbohydra t e  conta in ing 
proteins,  4 d is t inc t  redd ish-p ink  bands  were de tec ted  in gels conta ining po lypep t ides  
of solubil ized in t ac t  virus.  These bands  coincided wi th  VP 1, VP2 ,  VP5 ,  and  V P 6  
(Fig. 5). Out  of the  5 pro te ins  spl i t  f rom the  vir ion b y  chloroform t r e a t m e n t  on ly  
VPzi was no t  found to be g lyeosyla ted .  Sudan  b lack  s ta in ing of the  gels d id  no t  
reveal  the  presence of l ipoproteins.  

PAGE-ana l y s i s  of the  core-like s t ructures  in the  isopycnie  band  af ter  chloro- 
form t r e a t m e n t  revea led  t h a t  only  the  v i ra l  pro te ins  VP3  and  V P 7  were present .  
Consequent ly ,  the  v i ra l  s t ruc tures  removed, by  ch lo ro fo rm- t rea tmen t  conta ined  
V P  1, V P  2, VP 4, VP 5, and  VP 6. 

Table 1. Structural polypeptide o/ bovine coronaviru8 LY-138 

Approximate  
molecular Percent  Proteins 
weight of totM PAS after Nature  of 

Protein ( × 10 .~) protein reaction chloroform protein 

VP 1 110 20 -- Glycoprotein 
$2 
VP 2 100 8 ÷ -- Glycoprotein 
83 
VP 3 82 8 --  ~- Protein 
$4 
VP 4 70 22 -- -- Protein 
VP 5 53 23 + -- Glycoprotein 
VP 6 45 10 -- Olycoprotein 
S6 
VP 7 36 6 ....... ~- Protein 

VP = viral protein 
S = shoulder 

Molecular weight estimates were made for viral proteins; shoulders were not included 

Diseuss ion 

Viral  s t ra in  LY-138 could not  ye t  be a d a p t e d  to cul tured  cells (9, t4). Since 
this  s t ra in  is h ighly  en te ropa thogenic  (8) and  had  been used in phys iopa tho log ic  
and  u l t r a s t rue tu r a l  inves t iga t ions  of v i rus- induced enter i t i s  and  d ia r rhea  (18, 27), 
means  for fur ther  ident i f ica t ion  and charac te r iza t ion  were sought.  

S tudies  on the  morphology,  ant igenic  s t ructure ,  H A  ac t iv i ty ,  morphogenesis  
and  effect on infected in tes t ina l  epi the l ia l  cells ident i f ied  some coronavira l  charac-  
ter is t ics  of s t ra in  LY-138 (8, 9, 14). The en te ropa thogenic  proper t ies  would group 
this  s t ra in  wi th  others  such as the  virus  of t ransmiss ib le  gas t ro-enter i t i s  (TGE) 
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of swine which differ in their resistance to a p t t  of 3 from eoronaviruses associated 
with respiratory and other infections (25, 30). 

Intestinal  contents of experimentally infected eMves were used as substrates 
for viral morphologic, structural and biophysieM analysis. The method used for 
virus purification and concentration from in vivo samples resulted in preparations 
containing large amounts of highly purified virus particles. The degree of virus 
puri ty  was monitored by  density determination, electron microscopic analysis, 
immunodifiusion, and hemagglutination. The morphological integrity and the 
hemagglutinating ability of the virus were preserved by  the method of purification 
employed. The virions banded isopyenieally at  a density of 1.245 g/cm 3 in CsC1 
and 1.185 g/em ~ in sucrose. This result is in close agreement with the densitites 
given for eoronaviridae in the report of the study group on eoronavirus (33). 

Several past  a t tempts  to visualize the internal structure of eoronaviruses by 
EM examination of viruses treated with different surface active and lipid solvents 
were reported (1, 11, 18, 23). All the procedures used resulted in disintegration 
of virus, and the internal components of eoronavirus have not been clearly 
characterized. Treatment  of LY-138 virions with 1 in 10 parts chloroform followed 
by isopyenic eentrifugation removed from the virions envelope components to 
produce core-like, round structures which contained 2 polypeptides. The average 
diameter in negatively stained preparations was 82 nm, and the buoyant  density 
of LY-138 core-like structure was 1.299 g/em 3 in CsC1 and 1.201 g/em 3 in sucrose. 
Following t reatment  of the TGE virus with t per cent NP40, GAt~wEs and 
eoworkers (11) found 60--70 nm structures with a CsC1 density of 1.295 g/em 3. 
Further analysis of the core-like structures is needed to determine whether they 
represent viral cores or virions merely stripped of envelope projections. 

The packing arrangement of the nueleoeapsid, whether helical or compound, 
could not be unequivocally determined from our electron microscopic analysis. 
However, viral core-like structures maintained a round configuration similar 
to the condensing cores reaching a diameter of 60 nm that  were detected in the 
course of studies on the morphogenesis of virions in LY-138-infected intestinal 
cells (9). Obvious thread-like structures as described for infectious bronchitis 
virus by others were :not detected (18). Evidence for helical symmetry was thus 
not found. Several eoronaviruses appear to have ribonucleoprotein cores tha t  
are formed before envelopment and tha t  can exist without the envelope, a charac- 
teristic that  was previously observed in oneornaviruses (3, 4, 7). The possibility 
of a similar cubic or binal symmetry  for eoronaviruses should be considered. 

At least 7 polypeptides were reprodueibly demonstrated from purified virions 
of strain LY-138 under our conditions of dissociation of purified virus by SDS, 
urea and mereaptoethanoi and eleetrophoretie display in polyaerylamide gels. 
Occasionally, 1 or 2 very minor bands appeared near the top of the gels. There 
were also shoulders associated with VP 2, VP 3, VP 4, and VP 6, that  could represent 
viral or cellular polypeptides. Four of these proteins were PAS positive for carbo- 
hydrates. In  addition, polypeptide analysis of LY-138 core-like structures revealed 
that  they contained the two viral structural proteins VP3 and VPT. GARWES 
and PococI~ (12) detected 4 major  stud 2 minor proteins of which 3 contained 
carbohydrates in an analysis of a TGE strain. Our results of the presence of at 
least 7 proteins in the virions correspond to those obtained with the human 
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coronavirns OC43 (16) and with the virus of avian infectious bronchitis (23). In 
both instances 7 polypeptides were described and 4 of these were glyeosylated. 
Recently, HIER~OLZE:a (15) observed that another human eoronavirus strain, 
229E, had 6 glyeoproteins. In  contrast, STVR~A~ (31) displayed 4 size classes of 
structural proteins in preparations of the murine eoronaviral strain A59 labeled 
with radioactive amino acids. Three of these were glycosylated. Two of these 
size classes consisted of a glyeoprotein with a molecular weight of 180,000 which 
was converted to a glyeoprotein of 90,000. Polypeptides with molecular weights 
close to 200,000 were not detected in our gels displaying the proteins of a virus 
purified from intestinal contents and analyzed speetrophotometrically. 

Dissociation of the intact virions and core-like structures by SDS, urea, and 
mereaptoethanol followed by PAGE enabled us to locate and identify structural 
proteins in two viral components. This technique placed all viral glycoproteins 
into the components removed by chloroform treatment Which represent viral 
envelopes. These results were in complete agreement with previous findings on 
coronavirus strain 0C43 which also contained 4 glyeoproteins of which two were 
associated with the envelope projections (16). I t  :is of interest to observe that out 
of the 5 proteins removed by chloroform treatment only VP4 was not a glyeo- 
protein. In  comparison, bromelain treatment removed the 3 glyeoproteins VP 1, 
VP2, and VP5 from the virions of infectious bronchitis (23). All of the 180,000 
and 90,000 glycoproteins of the murine eoronavirus strain A59 were removed 
by protease treatment, and 20 per cent of a third glyeoprotein with 23,000 mole- 
cular weight was digested leaving a protease resistant protein of 18,000 (31). 

l~eeently, infectious I~NA of the avain infectious bronchitis virus was pre- 
pared in two different laboratories (20, 29). The molecular weight was found to be 
5.5 to 5.7 × 10 a in one report (29) and 8.1 x 106 in the other (20). If a similar genetic 
system functions in enteropathogenic eoronaviruses, this genetic information 
would be sufficient to code for more than the 7 polypeptides which were detected 
in the eoronavirus starin LY-138. However, another report presented evidence 
for a 60--~70 S RN~4 of the TGE virus. This RNA of a molecular weight of 9 X 106 
dissociated into 35S and 4S subunits (13). 

I t  is evident that the coronavirns family may comprise presently viruses of 
diverse properties. I)et~iled work is justified to resolve these apparent differences. 
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